i» r 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number : 2000-353543 
(43)Date of publication of application : 19.12.2000 



(51) Int. CI. H01M 10/40 



(21) Application number : 11-161308 (71)Applicant 


: MATSUSHITA ELECTRIC 




IND CO LTD 


(22) Date of filing : 08. 06. 1999 (72) Inventor : 


IT0 SHUJI 




YAMAM0T0 TORU 




KANBARA TERUHISA 




MATSUDA HIR0MU 



(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a high capacity nonaqueous electrolyte 
secondary battery superior in a charge/discharge characteristic. 
SOLUTION: This nonaqueous electrolyte secondary battery is equipped with 
chargeable and dischargeable positive and negative electrodes and a 
nonaqueous electrolyte. The nonaqueous electrolyte contains a halogen 
containing organomagnesium represented by a formula I: RMgX (wherein R 
is an aliphatic hydrocarbon group or an aromatic hydrocarbon groupand X 
is a fluorine atoma chlorine atoma bromine atomor an iodine atom) or a 
formula II r RMgY (wherein R is an aliphatic hydrocarbon group or an 
aromatic hydrocarbon groupand Y is C104BF4PF6or CF3S03-) . 



CLAIMS 



[Claim(s) ] 

[Claim l]It is a nonaqueous electrolyte secondary battery possessing a 
chargeable and dischargeable anodenonaqueous electrolyteand a chargeable 
and dischargeable negative electrodeAt least one sort of solvents chosen 
from a group which said nonaqueous electrolyte becomes from ester 
solventan amine system solventa nitrile system solventan amide system 
solventa sulfur-systems solventand a chain ether system solventand 



formula (1) :RMgX (l) 

( — a nonaqueous electrolyte secondary battery with which R contains 
among a formula an aliphatic hydrocarbon group or an aromatic 
hydrocarbon groupand containing halogen organicity magnesium by which X 
is expressed with fluorine atomchlorine atombromine atomor iodine-atoms). 
[Claim 2] The nonaqueous electrolyte secondary battery according to claim 
1 with which said nonaqueous electrolyte contains a cyclic ether system 
solvent further. 

[Claim 3] It is a nonaqueous electrolyte secondary battery possessing a 
chargeable and dischargeable anodenonaqueous electrolyteand a chargeable 
and dischargeable negative electrodeand said nonaqueous electrolyte is 
formula (2) :RMgY (2). 

( — a nonaqueous electrolyte secondary battery with which R contains 
among a formula an aliphatic hydrocarbon group or an aromatic 
hydrocarbon groupand containing halogen organicity magnesium by which Y 
is expressed with C10 4 * BF 4 ~ PF 6 " or CF 3 S0 3 " ) . 

[Claim 4] The nonaqueous electrolyte secondary battery according to any 
one of claims 1 to 3 whose carbon numbers of the aliphatic hydrocarbon 
group R are 1-4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The energy density of this invention is high and 
it relates to the nonaqueous electrolyte secondary battery which is 
excellent in a cycle characteristic. 
[0002] 

[Description of the Prior Art]With development of a portable device in 
recent years and cordless apparatusin order to realize a prolonged 
drivethe cell which has high energy density is required. The nickel 
hydrogen storage battery which used the Li ion secondary battery and the 
hydrogen storing metal alloy for the negative electrode attracts 
attention to this demand. Although what used the metal Li for the 
negative electrode to the further high-capacity-izing also in these is 
promisingthe fuel cell subsystem which exceeds it can consider the 
rechargeable battery system which used multivalent cationssuch as Mg and 
aluminum. For examplein the fuel cell subsystem which used Mg for the 
negative electrodesince two electrons move at the reaction of 1 mol of 
Mg of a negative electrodethe cell of high volume energy density which 



exceeds the metal Li theoretically is expectable. This Mg is abundant 
also in resourcescheapand also in an environmental aspectsince it is not 
harmfulit is a negative pole material with dramatically big expectation. 
[0003]Howeverwhen the electrolysis solution of these magnesium 
rechargeable battery was used as solutionsince hydrogen overpotential 
was lowthe electrolysis of water happened at the time of chargeand there 
was a problem that a dissolution deposit of magnesium was difficult. On 
the other handwhen a nonaqueous solvent is used for an electrolysis 
solutionthe working voltage range of an electrolysis solution spreadsa 
dissolution deposit of magnesium becomes easy (for exampleJP62-211861A. ) 
JP1-95469A and JP4-28172A each gazette and Journal of Applied 
ElectrochemistryVol. 27221-225 (1997) etc. 
[0004] 

[Problem (s) to be Solved by the Invention]The cause which bars a 
dissolution deposit of the magnesium mentioned above can consider that 
many solvents exist in the surroundings of the magnesium ion which is a 
multivalent cation as a counter ion. Thereforethe actual condition is 
that the decomposition reaction of an electrolysis solution also occurs 
at the time of a dissolution depositand a dissolution deposit of 
magnesium for energization quantity of electricity does not take place. 
Only when a dissolution deposit of magnesium is tried using the 
tetrahydrofuran solution which dissolved this point and ethyl bromide 
magnesiumThe report that the charge and discharge in a well head are 
possible is carried out (for examplejournal of Applied 
ElectrochemistryVol. 27and 221-225 (1997)). Howeveras a result of 
examining the cell combined with the anodethe bromine ion which is a 
solute at the time of energization will oxidize on an anodeand will 
generate bromine gas. When a tetrahydrofuran was independently used as a 
solventoxidative degradation was carried out on the anode and there was 
a problem that the capacity of a cell fell substantially according to 
advance of a charging and discharging cycle. 

[0005] In view of the above-mentioned conventional technologythis 
invention is high capacity and an object of this invention is to provide 
the nonaqueous electrolyte secondary battery excellent in the charge- 
discharge cycle characteristic. 
[0006] 

[Means for Solving the Problem] In a nonaqueous electrolyte secondary 
battery possessing an anode with chargeable and dischargeable this 
inventionnonaqueous electrolyteand a chargeable and dischargeable 
negative electrodeSaid nonaqueous electrolyte Ester solventan amine 
system solventa nitrile system solventAt least one sort of solvents 



chosen from a group which consists of an amide system solventa sulfur- 
systems solventand a chain ether system solventAnd containing halogen 
organicity magnesium expressed with formula (l):RMgX (an aliphatic 
hydrocarbon group or an aromatic hydrocarbon groupand X are a fluorine 
atoma chlorine atoma bromine atomor iodine atomsas for the inside of a 
formula and R) shall be contained. As for said nonaqueous electrolyteit 
is preferred to contain a cyclic ether system solvent further. As said 
ester solvent it is preferred that they are propylene carbonateethylene 
carbonatedi ethyl carbonatedimethyl carbonatemethylethyl carbonateor 
gamma-butyl lactone. As for said amine system solventit is preferred that 
it is pyridine. As for said nitrile system solventit is preferred that 
it is acetonitrile. As for said amide system solventit is preferred that 
they are N-methylformamide or dimethylformamide. As for said sulfur- 
systems solventit is preferred that they are dimethyl sulfoxide or 
sulfolane. As for said chain ether system solventit is preferred that 
they are dimethoxyethane or diethylether. As for said cyclic ether 
system solventit is preferred that they are a tetrahydrofuran or 2- 
methyltetrahydrofuran. 

[0007] In a nonaqueous electrolyte secondary battery possessing an anode 
with chargeable and dischargeable this invent ionnonaqueous 
electrolyteand a chargeable and dischargeable negative electrodesaid 
nonaqueous electrolyte — formula (2) :RMgY (the inside of a formulaand R 
— an aliphatic hydrocarbon group or an aromatic hydrocarbon group. ) Y 
shall contain containing halogen organicity magnesium expressed with 
C10 4 ~ BF 4 " PF 6 " or CF 3 S0 3 " . As for a carbon number of the aliphatic 
hydrocarbon group Rin said formula (1) and a formula (2) it is preferred 
that it is 1-4. 
[0008] 

[Embodiment of the Invention]The greatest feature of this invention 
Ester solventan amine system solventa nitrile system solventAt least one 
sort chosen from the group which consists of an amide system solventa 
sulfur-systems solventand a chain ether system solvent is used as a 
solventFormula (1) :RMgX (the inside of a formulaand R — an aliphatic 
hydrocarbon group or an aromatic hydrocarbon group.) The point using the 
nonaqueous electrolyte which contains as a salt the containing halogen 
organicity magnesium by which X is expressed with a fluorine atoma 
chlorine atoma bromine atomor iodine atomsor formula (2) *RMgY (the 
inside of a formulaand R — an aliphatic hydrocarbon group or an 
aromatic hydrocarbon group.) Y is at the point using the nonaqueous 
electrolyte which contains as a salt the containing halogen organicity 
magnesium expressed with C10 4 " BF 4 " PF 6 " or CF 3 S0 3 ~ . According to this 



inventionby using such nonaqueous electrolyteside reactionssuch as 
disassembly etc. of the electrolysis solution at the time of the charge 
and discharge which were a problem from the formercan be inhibitedand 
the nonaqueous electrolyte secondary battery which was excellent in the 
cycle characteristic with high capacity can be provided. By using said 
solventthe solvation characteristic of magnesium is improved and the 
reason such an effect is acquired is considered to be because for the 
usable potential regions of the electrolysis solution to have 
increasedalthough it is unknown for details. 

[0009]As a solvent used for the nonaqueous electrolyte of this 
inventionsince it is thought that solvation associative strength with 
magnesium ion is smallat least one sort of solvents chosen from the 
group which consists of ester solventan amine system solventa nitrile 
system solventa sulfur-systems solventand a chain ether system solvent 
are used. Since it is especially thought also in these solvents that 
solvation associative strength with magnesium ion is smallit is 
preferred to use a chain ether system solvent. 

[OOlOjAs said ester solventalthough propylene carbonateethylene 
carbonatedi ethyl carbonated imethyl carbonat erne thy 1 ethyl carbonategamma- 
butyllactonemethyl acetateethyl acetateetc. are raisedfor exampleSince 
it says that it excels in the stability of the solvent at the time of 
charge and dischargeit is preferred that they are propylene 
carbonateethylene carbonatedi ethyl carbonated imethyl 

carbonatemethylethyl carbonateand gamma-butyl lactone. Since it says that 
it excels in the stability at the time of charge and discharge mostit is 
preferred especially to use methylethyl carbonate. 

[001l]As said amine system solventalthough pyridineethylenediamineetc. 
are raisedfor examplesince it says that it excels in the stability of 
the solvent at the time of charge and dischargeit is preferred to use 
pyridine. As said nitrile system solventalthough acetonitrilepropione 
nitriletc. are raisedfor examplesince it says that it excels in the 
stability of the solvent at the time of charge and dischargeit is 
preferred to use acetonitrile. As said amide system solventit is 
preferred to use N-methylformamidedimethylformamideetc. for example. As 
said sulfur-systems solventit is preferred to use dimethyl 
sulfoxidesulfolaneetc. for example. As said chain ether system solventit 
is preferred to use dimethoxyethanediethyletheretc. for example. 
[0012]When using two or more solvents chosen from the group which 
consists of ester solventan amine system solventan amide system solventa 
nitrile system solventa sulf ur-systems solventand a chain ether system 
solventit is preferred to usefor example in the following mixing ratio 



and combination from the reason for excelling in the improvement in 
conductivity of an electrolysis solution and the stability at the time 
of charge and discharge. 

(l) The chain ether system solvent 20 - 80 volume %the ester solvent 80 
- the 20 volume %(2) chain ether system solvent 20 - 80 volume %the 
amide system solvent 80 - the 20 volume %(3) chain ether system solvent 
20 - 80 volume %and the amine system solvent 80 - 20 volume % [0013] To 
itviscosity is lowand since it tells the nonaqueous electrolyte of this 
invention that much more improvement in the conductivity of an 
electrolysis solution is expectedto itit is preferred to include a 
cyclic ether system solvent. As such a cyclic ether system solventit is 
preferred to use a tetrahydrofuran and 2-methyltetrahydrofuranfor 
example. 

[0014]When using said cyclic ether system solventester solventan amide 
system solventThe mixing ratio of at least one sort of solvents (it is 
called the solvent A. ) and cyclic ether which are chosen from the group 
which consists of an amine system solventa nitrile system solventa 
sulfur-systems solventand a chain ether system solventThe solvent A 
since it says that the stability at the time of the improvement in 
conductivity of an electrolysis solution and the charge and discharge of 
a mixed solvent is secured: It is preferred that it is cyclic ether 
system solvent =2-8:8-2 (volume ratio)and it is still more preferred 
that it is especially solvent A:cyclic ether system solvent =4-6:6-4 
(volume ratio). 

[0015] the next — the nonaqueous electrolyte of this invention — 
formula (l):RMgX (the inside of a formulaand R — an aliphatic 
hydrocarbon group or an aromatic hydrocarbon group. ) X is a fluorine 
atoma chlorine atoma bromine atomiodine atomsor formula (2) :RMgY (among 
a formula). R contains an aliphatic hydrocarbon group or an aromatic 
hydrocarbon groupand the containing halogen organicity magnesium by 
which Y is expressed with C10 4 " BF 4 " PF 6 " or CF 3 S0 3 " . The solvent used 
when using the containing halogen organicity magnesium expressed with a 
formula (2) is not limited to said solvent. Although these containing 
halogen organicity magnesium is unknown for detailsit does so the effect 
of making smooth delivery of the magnesium ion on the anode at the time 
of charge and dischargeand a negative electrode. 

[0016] Formula (1) : In RMgXR is an aliphatic hydrocarbon group or an 
aromatic hydrocarbon group. As an aliphatic hydrocarbon groupthe methyl 
group of the carbon numbers l-5an ethyl groupa propyl groupn-butyl 
groupt-butyl groupn-pentyl groupt-pentyl groupetc. are raisedfor example. 
Especiallysince it says that it excels in the stability of the 



electrolysis solution at the time of charge and dischargeit is preferred 
that it is an aliphatic hydrocarbon group of the carbon numbers 1-4. X 
is the fluorine atomthe chlorine atomthe bromine atomor iodine atoms 
which is halogen atoms. Especiallysince it says that it excels in the 
stability of the electrolysis solution at the time of charge and 
dischargeit is preferred that it is a fluorine atom. As an aromatic 
hydrocarbon groupa phenyl group etc. are raisedfor example. 
[0017]Nextin formula (2):RMgYR may be the same as that of the case of 
said formula (l). Since it says that Y secures much more stability of 
the electrolysis solution at the time of charge and dischargeit is C10 4 " 
BF 4 " PF 6 " or CF3SO3 " . Especiallyit is preferred that it is most stable 
CF3SO3 " . 

[0018]The nonaqueous electrolyte in this invention contains the 
containing halogen organicity magnesium expressed with said solvent and 
the formula (1) or (2). What is necessary is just a range to which the 
content of said halogenation organicity magnesium in the nonaqueous 
electrolyte obtained is set to 0. 1-2M from the reason for securing the 
conductivity which magnesium ion can fully move at the time of charge 
and discharge as the mixing ratio of said solvent and containing halogen 
organicity magnesium. Since it says that the conductivity of an 
electrolysis solution is highit is preferred that it is 0. 5-1. 75Mand it 
is still more preferred that it is especially 0. 75~1. 5M. 
[0019]The nonaqueous electrolyte secondary battery of this invention 
possesses a chargeable and dischargeable anode and a chargeable and 
dischargeable negative electrode besides the nonaqueous electrolyte 
mentioned above. As a chargeable and dischargeable anodeconventionallyit 
may be publicly known and For exampleCo 3 0 4 Since it says that 
sulfidessuch as oxidessuch as Mn0 2 V 2 0 5 and AgOand TiSetc. are raisedand it 
is easy to incorporate magnesium ion especiallyit is preferred to use 
V 2 0 5 and AgO. It may be conventionally publicly known also as a 
chargeable and dischargeable negative electrodefor exampleit is 
preferred for metal magnesiuma Magnesium alloyblack leadcarbona 
transition metal oxideetc. to be raisedand to use metal magnesium and a 
Magnesium alloy especially. 

[0020]The nonaqueous electrolyte secondary battery of this invention can 
be conventionally manufactured by a publicly known method using said 
nonaqueous electrolytea chargeable and dischargeable anodeand a 
chargeable and dischargeable negative electrode. Namelyother components 
may be included in the range which does not spoil the effect of this 
invention. Although an example is used for below and this invention is 
more concretely explained to itthis inventions are not these things 



limited to seeing. 
[0021] 

[Example] <<Examples 1-14 and comparative examples 1~2>> In order to 
examine the battery characteristic using the nonaqueous electrolyte 1-14 
which dissolved ethyl bromide magnesium of 1M in the solvent shown in 
Table Ithe coin cell shown in drawing 1 was produced. Drawing 1 is 
outline drawing of longitudinal section of the coin cells 1-14 produced 
in this example. Metal Mg of 99. 9% of purity was used for the negative 
electrode. Using silver oxide (AgO) as an anodeto silver oxide 100 
weight sectionpolyethylene (PE) powder 5 weight section and acetylene 
black (AB)5 weight section were addedand it was considered as the 
mixtureand application-of-pressure molding was carried outand this 
mixture 0. 05g was used as the electrode 1 at 17. 5 mm in diameterand was 
placed into the case 2. The microporous polypropylene separator 3 was 
placed on the electrode. It poured in on the separator by using as 
nonaqueous electrolyte the various solvents which dissolved containing 
halogen organicity magnesium of 1M shown in Table 1. Besidesmetal [ 17. 5 
mm in diameter ] Mg4 was stuck insidethe obturation board 6 which 
attached the polypropylene gasket 5 to the peripheral part was placed 
and obturatedand it was considered as the coin cell. 
[Evaluation] About the obtained coin cellit charged to IV by 1 mA of 
constant currentand charged to 3V by 1 mA of constant current after 
dischargecharge and discharge were repeated among the voltage ranges 1- 
3V belowand the battery characteristic was evaluated. Herethe service 
capacity of per positive-active-material lg of a two-cycle eye and 50 
cycle eye was measured. A result is shown in Table 1. For comparisonas 
shown in Table 2also about the propylene carbonate electrolysis solution 
which dissolved the tetrahydrof uran electrolysis solution which 
dissolved ethyl bromide magnesium of IMand the magnesium perchlorate of 
1M. The comparison coin cells 1 and 2 were produced like the above- 
mentionedand the electrode characteristic was evaluated similarly. A 
result is shown in Table 2. 
[0022] 
[Table 1] 



[0023] 
[Table 2] 



[0024]As for each cell of this invention using an ester systeman amine 



systema nitrile systeman amide systema sulfur systemand a chain ether 

systemalso in the service capacity of 410 or more mAh/g and 50 cycle 

eyeinitial service capacity has 350 or more mAh/g. 

It turns out that it excels compared with a comparative example. 

By using the nonaqueous electrolyte of this inventionit is thought that 

a characteristic improvement is brought about because the increase of 

the stability of the solvent at the time of charge and discharge and use 

potential regions increased. As for the comparative example cell50 

cycles after cell thickness has blistered substantially. 

As for the cell of this inventionbulging was hardly accepted to 

disassembly of an electrolysis solution having taken place inside a cell. 

[0025] <<Examples 15~42>> Using the nonaqueous electrolyte which 
dissolved ethyl chloride magnesiumethyl iodide magnesiumor ethyl 
fluoridation magnesium of 1M shown in Table 3the coin cell 15 was 
produced like Example land same evaluation was performed. A result is 
shown in Table 3. 
[0026] 
[Table 3] 

[0027] It turns out that the cell which used for nonaqueous electrolyte 
the ester systemthe amine systemthe nitrile systemthe amide system and 
sulfur systems which dissolved halogenation ethylmagnesium of this 
inventionand a chain ether system solvent is excellent in initial 
capacityand a cycle and the characteristic compared with said comparison 
cell. The kind of halogen atom whose cycle characteristic is an anion 
kind of containing halogen organicity magnesium showed excelling in 
order of a fluorine atoma chlorine atoma bromine atomand iodine atoms. 
This is considered to be because for the electrochemical stability of 
containing halogen organicity magnesium to become large at the order of 
said halogen atom. 

[0028]«Examples 43-70» Methyl bromide magnesium [ of 1M ]and 
propylmagnesium bromide which are shown in Table 4In order to examine 
the battery characteristic using the nonaqueous electrolyte which 
dissolved n-butyl bromide magnesium and pentylmagnesium bromide and 
phenylmagnesium bromidethe same coin cell as Example 1 was producedand 
the same conditions estimated. A result is shown in Table 4. 
[0029] 
[Table 4] 



[0030]Table 4 shows that the cell of this invention is excellent in 
initial capacityand a cycle and the characteristic compared with said 
comparison cell. It turned out that a cycle characteristic is excellent 
in order of methylethylpropyl and phenylbutyland pentyl with the carbon 
number of the aliphatic hydrocarbon group of containing halogen 
organicity magnesium. This is considered to be because for the 
electrochemical stability of containing halogen organicity magnesium to 
become large in the above-mentioned turn. The cycle characteristic with 
as good service capacity of 50 cycle eye as 340 or more mAh/g was 
acquired except the cell using pentylmagnesium bromide. 
[0031] <<Examples 71-183>> 50 volume % A cyclic ester system solvent (a 
tetrahydrofuran or 2-methyltetrahydrofuran) for halogenation 
ethylmagnesium of 1M shown in Tables 5 and 6 In order to examine the 
battery characteristic using the nonaqueous electrolyte which dissolves 
in the included solventThe same coin cell as Example 1 was producedand 
the same conditions estimated. A result is shown in Tables 5 and 6. 
[0032] 
[Table 5] 



[0033] 
[Table 6] 



[0034] The tetrahydrofuran2~methyltetrahydrofuranand the ester system 
which are cyclic ester system solventsCompared with the tetrahydrofuran 
independent solvent of said comparison cellas for the cell of this 
invention using the nonaqueous electrolyte which consists of an amine 
systema nitrile systeman amide systemsulfur systemsand a chain ether 
system solventthe cycle characteristic has been improved by leaps and 
bounds. By using a mixed solvent with a cyclic ester system and a chain 
ether system especiallyit turned out that the capacity of 408 or more 
mAh/g and 348 or more mAh/g of 50 cycle eyes is obtained the first stage. 
[0035]«Examples 184~284» C10 4 " of 1M shown in Table 7In order to 
examine the battery characteristic using the nonaqueous electrolyte 
which dissolved in the solvent the containing halogen organicity 
magnesium which uses BF 4 " PF 6 ~ and CF 3 S0 3 " as an anion kindthe same coin 
cell as Example 1 was producedand the same conditions estimated. A 
result is shown in Table 7. 
[0036] 



[Table 7] 



[0037]C10 4 "BF 4 " PF 6 " It turned out that the cycle characteristic in which 
the cell of this invention using the containing halogen organicity 
magnesium which uses CF 3 S0 3 " as an anion kind was obtainedand the service 
capacity of 370 or more mAh/g of 50 cycle eyes was excellent is acquired. 
[0038]<<Examples 285-349 and comparative examples 3-4>> C10 4 " shown in 
Table 8The ester system which dissolved containing halogen organicity 
magnesium of 1M which uses BF 4 " PF 6 ~ and CF 3 S0 3 ' as an anion kindExcept 
for the anodethe coin cell was produced like Example 1 using the 
nonaqueous electrolyte which consists of an amine systema nitrile 
systemamidesulfur systemsand a chain ether system solvent. The anode was 
produced as follows. Namelyusing vanadium oxide (V 2 0 5 )to vanadium oxide 
100 weight sectionpolyethylene (PE) powder 5 weight section and 
acetylene black (AB) 5 weight section were addedand it was considered as 
the mixtureand this mixture 0. 05g was obtained by carrying out 
application-of-pressure molding at 17.5 mm in diameter (electrode 1). It 
poured in on the separator by using as nonaqueous electrolyte the 
various solvents which dissolved containing halogen organicity magnesium 
of 1M shown in Table 8. Besidesmetal [ 17. 5 mm in diameter ] Mg4 was 
stuck insidethe obturation board 6 which attached the polypropylene 
gasket 5 to the peripheral part was placed and obturatedand it was 
considered as the coin cell. 

[Evaluation] About the obtained coin cellit charged to 2.5V by 1 mA of 
constant currentand charged to 4V by 1 mA of constant current after 
dischargecharge and discharge were repeated among the voltage ranges 
2. 5-4V belowand the battery characteristic was evaluated. Also about the 
tetrahydrofuran electrolysis solution which dissolved the conventional 
ethyl bromide magnesium of 1M shown in Table 9 as a comparative 
exampleand the propylene carbonate electrolysis solution which dissolved 
the magnesium perchlorate of 1M. The coin cell as well as the above- 
mentioned example cell was producedand the electrode characteristic was 
evaluated similarly. A result is shown in Tables 8 and 9. 
[0039] 
[Table 8] 



[0040] 
[Table 9] 



[0041]As for each cell of this inventionalso in the service capacity of 
125 or more mAh/g and 50 cycle eyefrom Tables 8 and 9initial service 
capacity has 100 or more mAh/g. 

It turned out that a cycle characteristic is excellent compared with a 
comparative example cell. 

As for the cell of 50 cycles after this inventionthickness bulging was 
hardly accepted. As mentioned aboveC10 4 ~ BF 4 ~ PF 6 ' It turned out that it 
has the cycle characteristic which was excellent in using the ester 
systemthe amine systemthe amide systemnitrile system and sulfur system 
which dissolved the organic magnesium compound which uses CF 3 S0 3 " as an 
anion kindand a chain ether system electrolysis solution also in the 
voltage region beyond 3V. This is using C10 4 " BF 4 " PF 6 " and CF 3 S0 3 ~ for an 
anion kindand is considered that it is the cause which the stability of 
the electrolysis solution increased further. 
[0042] 

[Effect of the Invention]As mentioned abovethe ester system which 
dissolved containing halogen organicity magnesium according to this 
inventionThe mixed solvent of an amine systeman amide systema nitrile 
systemsulfur systemsa chain ether system solventor them and a cyclic 
ether system solvent and also C10 4 ~ BF 4 ~ PF. It becomes possible to 
obtain the nonaqueous electrolyte secondary battery which was more 
excellent in the cycle characteristic with high energy density by using 
the electrolysis solution which dissolved the containing halogen 
organicity magnesium which uses as an anion kind any one sort chosen 
from 6 " and CF 3 S0 3 ' . 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is an outline sectional view of the coin cell produced in 
the example of this invention. 
[Description of Notations] 
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